Adrenocortical insufficiency is a serious complication of AIDS. Usually, integrity of the hypothalamo-pituitary-adrenal (HPA) axis in AIDS patients is assessed by measuring basal cortisol levels and cortisol response to 250 µ µ µ µ µg of ACTH. Recent studies suggest that a lower ACTH dose increases the sensitivity of the procedure. In the present study, we investigated the prevalence of adrenal hypofunction in AIDS patients using a low-dose ACTH test (1 µ µ µ µ µg), evaluated the clinical characteristics that might suggest this diagnosis, and the diseases and/or drugs that could be associated with it. We prospectively evaluated 63 very ill AIDS patients and 16 normal controls. A standard examination assessed the presence of signs and symptoms of adrenal insufficiency. Blood samples were collected before and 30 and 40 minutes after an injection of 1 µ µ µ µ µg 1-24 ACTH.
complication of AIDS [2] . The adrenal gland is the endocrine gland most commonly affected in AIDS, by both opportunistic infections and Kaposi's sarcoma [3, 4] , as shown in autopsy studies that revealed adrenocortical and medullar infection, and necrosis, primarily caused by cytomegalovirus, but also by Mycobacterium tuberculosis, Cryptoccocus neoformans, Toxoplasma gondii and M. avium intracellulare [5] . Neoplasm involvement is rare. In addition, drugs such as glucocorticoids and ketoconazole may cause pituitary-adrenal dysfunction by suppressing the hypothalamo-pituitary-adrenal axis (HPA) or by blocking adrenal steroid biosynthesis. Other drugs, such as rifampin and phenytoin, enhance glucocorticoid metabolic clearance that may lead to adrenal insufficiency in patients with a diminished adrenal reserve [6] .
The estimated prevalence of adrenal insufficiency in AIDS patients is very high [7] in comparison to the general population [8] . However, reports of clinically significant adrenal insufficiency are rare. Patients with AIDS commonly manifest fatigue, anorexia, nausea and Patients infected with the human immunodeficiency virus (HIV) have complications secondary to the underlying immune defect -for example, mixed opportunistic infections and unusual neoplasms, such as Kaposi's sarcoma and high-grade lymphomas [1] . Endocrine dysfunction in the acquired immunodeficiency syndrome (AIDS) results primarily from involvement of the endocrine glands or central nervous system by infectious agents, from drug side effects, and from the wasting suffered by AIDS patients. Adrenocortical insufficiency is a potentially serious vomiting, orthostatic hypotension, and hyponatremia -nonspecific signs and symptoms that mimic those of adrenocortical insufficiency -that add to the diagnostic difficulty.
The integrity of the HPA axis in AIDS patients has been studied by measuring basal cortisol levels and cortisol response to 250 µg of ACTH [9 ,10] . Recently, however, it has been shown that a maximal cortisol response can be elicited with a much lower ACTH dose than the 250 µg dose commonly used. Also, there is a suggestion that a lower ACTH dose may further enhance the sensitivity of the procedure, especially in patients with a recent abnormality of the HPA axis [11] [12] [13] [14] [15] [16] . The standard 250 µg ACTH stimulation test is probably reliable to indicate the need for steroid therapy when the result is abnormal. However, it is incorrect to assume that all patients whose serum cortisol levels rise following a 250 µg ACTH injection are necessarily able to increase their serum cortisol enough to avoid the manifestations of adrenal insufficiency following severe stress caused by surgical procedures, infections, neoplasms, or other reasons [17] .
The purpose of this work was to study the prevalence of adrenal hypofunction in AIDS patients using a low-dose ACTH test (1 µg), to evaluate the clinical characteristics that can suggest this diagnosis, and to identify diseases and/or drugs that can be associated with it.
Materials and Methods

Subjects
Between July, 1996, and March, 1998, 272 patients with a presumptive diagnosis of AIDS admitted to the Hospital de Clínicas de Porto Alegre for treatment, were evaluated for entry to the study. Of those evaluated, 182 patients were excluded: the diagnosis of AIDS was not confirmed in 60 patients, 98 were using glucorticoids or had used them during the month prior to the study, 7 were either unable to sign the informed consent form or to answer the questionnaire, 13 had no venous line access, and 4 died or were discharged before the ACTH test. Ninety patients were eligible for the study; 18 patients refused to participate. Therefore, 72 patients entered the study group.
The control group consisted of 16 normal volunteers with no history of adrenal disease, and who had not used glucocorticoids or hormonal contraceptives in the month preceding the test. The protocol was approved by the Ethics Committee of the hospital, and all participants gave written informed consent.
Study Protocol
A standard questionnaire and clinical examination were used to assess age and signs or symptoms that could be related to adrenal insufficiency (presence of weakness, fatigue, weight loss, anorexia, nausea, vomiting, diarrhea, muscle or joint pain, arterial hypotension, hyperpigmentation, electrolyte abnormalities or a history of glucocorticoid use). After that, a low-dose ACTH test was performed for all participants. A 250 µg vial of 1-24 ACTH (Cortrosyn, Organon International Oss) was diluted in sterile saline solution to a concentration of 1 µg/mL. The solution was used immediately. An indwelling intravenous catheter was inserted into the forearm between 7:00 a.m. and 8:00 a.m. Blood samples was taken right before, and 30 and 40 minutes following the injection of 1 mg of 1-24 ACTH. The serum samples were immediately separated and kept frozen at -20°C until assayed. Cortisol was measured by radioimmunoassay (Coata-Count, DPC; normal range in the morning: 5 µg/ dL to 25 µg/dL). Intraassay variability was 4.3%; interassay variability was 5.2%.
Statistics
Results were compared using non parametric analysis of variance or the Mann-Whitney test, when indicated. Sensitivity, specificity, positive predictive value and negative predictive value for diagnostic tests were calculated by the theory of probabilities using the Epi-Info v. 6 program. All P values were two-sided; a P value of less than 0.05 was considered to indicate statistical significance.
Results
Patients
During the 2-year study period, 72 critically ill AIDS patients were tested (diagnostic category C, Centers for Disease Control and Prevention). We were not able to obtain all 3 samples for 9 patients. The epidemiological data for these patients were similar to those of our general population of HIV infected patients. Among the 63 patients from whom samples were collected, most were young males (mean age: 34.5 years) and had a known risk factor for HIV infection: 16 (25.4%) were intravenous drug users and 36 (57.1%) had sexual intercourse with infected partners. The data for the study and control groups are described in Table 1 .
Low-ACTH test in healthy controls
Mean serum cortisol concentration observed in healthy controls before stimulation with 1 µg of ACTH was 17.7 µg/dL ± 7.3 µg/dL. After 30 min, mean cortisol level was 26.2 µg/dL ± 5.8 µg/dL, and after 40 min, mean serum cortisol level was 25.9 µg/dL ± 6.6 µg/dL. Each curve was evaluated individually; the lowest stimulated cortisol level in this group was 18.5 µg/dL, so we considered the HPA axis as normal when the patient had a serum cortisol level ≥ 18 mg/dL in at least 1 measurement.
Low-ACTH test in AIDS patients with normal response
A cortisol level ≥ 18 µg/dL was observed in 51 patients. Mean basal cortisol level was 19.1 ± 7.0 µg/ dL; 30 min after ACTH application, mean cortisol level was 25.8 ± 7.3 µg/dL, and 40 min after ACTH, mean cortisol level was 24.2 ± 7.0 µg/dL.
Low-ACTH test in AIDS patients with abnormal response
Cortisol levels below 18 µg/dL were observed in 12 patients. Mean basal cortisol level was 10.9 ± 3.2 µg/dL. Thirty min after the ACTH injection, mean cortisol level reached 13.5 ± 3.0 µg/dL; and 40 min after ACTH, mean cortisol level reached 14.3 ± 1.5 µg/dL. Basal and stimulated cortisol levels were significantly lower than the ones detected in the control group and in the AIDS patients with normal response (there was no difference between these 2 last groups). These results are shown in Figure 1 .
Basal cortisol levels were less than 14.2 µg/dL in all AIDS patients in this group (19% of our AIDS patients). Using 14.5 µg/dL as a cut-off point, sensitivity of basal cortisol levels to detect adrenal hypofunction was 100%; specificity was 73%, positive predictive value was 46% and negative predictive value was 100%. In Figure 2 , the relation of sensitivity and specificity to detect adrenal insufficiency using different basal cortisol levels as cutoff points is shown (ROC curve).
As shown in Table 2 , all of our AIDS patients had been diagnosed with at least 1 AIDS-related disease [18] : tuberculosis in 31.3% of the patients, Pneumocystis carinii pneumonia in 20.3%, cytomegalovirus in 7.8%, central nervous system toxoplasmosis in 6.3%, and histoplasmosis in 6.3%. There was no association between presence of abnormal adrenal function and any of these diseases.
Signs or symptoms suggestive of adrenal insufficiency were observed frequently but, as shown in Table 3 , there was no difference in the prevalence of these clinical features in AIDS patients with normal or abnormal cortisol response to ACTH. Use of drugs that could affect adrenal function, such as ketoconazole, rifampin, phenytoin, opioids and anticoagulants, was not more frequent in AIDS patients with abnormal cortisol response when compared to AIDS patients with normal cortisol response, as shown in Table 4 .
Dicussion
The current study prospectively examined adrenal response to a low dose ACTH test (1 µg) in 63 AIDS patients (category C, Center for Disease Control and Prevention) and evaluated clinical characteristics that might suggest a diagnosis of adrenal hypofunction, as well as diseases and drugs that could be associated with its presence. Our data show that 19% of our stage C AIDS patients had an abnormal response to 1 µg ACTH, considering a cortisol level ≥18 µg/dL as normal. This cut-off point was established by the study of a control group and is very similar to those established in other studies [9, 19] . The prevalence of adrenal hypofunction is larger than reported or estimated previously, using the 250 µg ACTH test, the reported prevalence ranged from 0% to 8% [7, 14, [20] [21] [22] [23] . This have been the result of different intervening factors, like the exclusion of 90 patients using glucocorticoids with an unknown, but potentially normal, adrenal function; or the fact that our patients were very ill, and therefore had more infections and less immunity than other AIDS patients. Nevertheless, it may be that the low dose ACTH test (1 µg) is, indeed, more sensitive for the diagnosis of adrenal hypofunction.
There have been reports of increased basal cortisol levels in AIDS patients [21, 24] . In our study, AIDS patients with normal response to ACTH did not have increased basal cortisol levels. Using a cut-off point of 14.5 mg/dL for basal cortisol, all adrenal insufficient patients were identified, but the positive predictive value was 46%.
Frank adrenal dysfunction has rarely been reported in HIV infected patients, although the adrenal gland is frequently affected by opportunistic infections or Kaposi's sarcoma [25, 26] . Usually, clinically apparent adrenal dysfunction appears only after more than 90% of the adrenal glands have been destroyed, but a diagnosis of adrenal insufficiency should be considered in certain clinical situations [8] .
Symptoms of adrenal insufficiency are very difficult to assess in AIDS patients with advanced disease, since symptoms can be present even when adrenal function is normal [27] . These symptoms were commonly seen in our patients, but they were nonspecific and there was no clinical feature associated to adrenal hypofunction.
Present use of drugs that could interfere with the adrenal function or past use of glucocorticoids (discontinued for more than 30 days) were not predictive of an abnormal response to ACTH. The prevalence of diseases that could affect the adrenal gland was the same in our patients with normal or abnormal responses to ACTH. Similar findings concerning tuberculosis were described recently [28] . Our data suggest that an abnormal response to 1 µg ACTH is very common in late stage AIDS patients, and that there are no clinical findings and no diseases or drugs that can signal the presence of adrenal hypofunction. The group of AIDS patients that we studied was severely ill. Except for 1 patient, all of the patients were treated with a combination of drugs, and a large percentage of them showed weight loss, fatigue, and weakness -three cardinal manifestations of adrenocortical failure. With these data in mind, we suggest a prospective evaluation of the adrenal function, using a method such as the low dose ACTH test, in all AIDS patients when they are in an advanced stage of the disease.
